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 The persistent existence of antibiotics in sewage wastewater treatment plants 
in recent years has emerged as a serious issue. This scenario has indicated that 
coagulation-flocculation process is ineffective in removing antibiotics from sewage. 
Therefore, adsorptive coagulation-flocculation process has been proposed as novel 
sewage treatment method to remove antibiotics. In this study, three types of natural 
zeolites (NZ01, NZ02 and NZ03) from different sources were employed as 
adsorbents in batch adsorption test to remove selected antibiotics which were 
tetracycline (TC) and oxytetracycline (OTC). The physical appearance and chemical 
properties of these natural zeolites were characterized using scanning electron 
microscopy (SEM), cation exchange capacity (CEC), Brunauer Emmett Teller  
(BET), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and 
X-ray fluorescence (XRF) methods. Adsorption test was carried out in batch whereas 
adsorptive coagulation-flocculation was performed using jar test method. The 
adsorption data was evaluated in terms of equilibrium and kinetic adsorption 
mechanism. Important parameters including pH of solution, dosage of adsorbents, 
temperature, initial concentration of antibiotics and contact time were varied to study 
the effects of these parameters. It has been observed that at pH between 7 to 8, and 
temperature of 30 °C the adsorption of antibiotics was optimum with about 90% 
removal of TC and 70% removal of OTC at the dosage of 6 mg/ml of NZ02. In 
addition, the adsorption of TC and OTC has been proven to follow Elovich kinetic 
model and Langmuir model for TC and Temkin isotherm model for OTC. The 
optimum parameters were later applied in adsorptive coagulation-flocculation (ACF) 
process to remove antibiotics in synthetic wastewater. Langmuir model and pseudo-
second order model turned out to be the most suitable isotherm model and kinetics 
model to represent the adsorption of antibiotics via ACF. The percentage of removal 
of antibiotics from synthetic wastewater using only alum was clearly proven to be 
ineffective (about 5%). However, by injecting NZ02 simultaneously, it increased 
dramatically (about 20-35%). Last but not least, the hybrid process managed to 
remove 60% of TC and 40% of OTC from sewage wastewater. In conclusion, 
adsorptive coagulation-flocculation has the potential to be one of the best alternative 
methods to isolate antibiotics in sewage treatment plants in the most environmentally 









 Kewujudan berterusan antibiotik di kumbahan loji rawatan air sisa pada 
tahun-tahun kebelakangan ini telah muncul sebagai satu isu yang serius. Senario ini 
telah menunjukkan bahawa proses pembekuan-pemberbukuan tidak berkesan dalam 
menyingkirkan antibiotik daripada kumbahan. Oleh itu, proses jerapan pembekuan-
pemberbukuan telah dicadangkan sebagai kaedah baru rawatan kumbahan untuk 
menyingkirkan antibiotik. Dalam kajian ini, tiga jenis zeolit semulajadi (NZ01, NZ02 
dan NZ03) daripada sumber-sumber yang berbeza telah digunakan sebagai penjerap 
dalam kumpulan ujian penjerapan untuk meresap antibiotik yang terpilih iaitu 
tetrasiklin (TC) dan oksitetrasiklin (OTC). Sifat fizikal dan kimia zeolit semulajadi 
telah dikaji dengan menggunakan mikroskopi elektron imbasan (SEM), kapasiti 
penukaran kation (CEC), Brunauer Emmett Teller (BET), spektroskopi inframerah 
transformasi Fourier (FTIR), pembelauan sinar X (XRD) dan pendarfluor sinar X 
(XRF). Ujian penjerapan telah dijalankan secara kelompok manakala process hibrid 
penjerapan dan penggumpalan-pengelompokan telah dilakukan dengan 
menggunakan kaedah ujian balang. Data penjerapan telah dinilai dari segi kajian 
isoterma dan mekanisme kinetik penjerapan. Parameter penting termasuk pH larutan, 
dos penjerap, suhu, kepekatan awal antibiotik dan masa proses telah diubah untuk 
mengkaji kesan parameter-parameter tersebut. Pada pH di antara 7 hingga 8 dan suhu 
30 °C, penjerapan antibiotik adalah optimum dengan penyingkiran kira-kira 90% TC 
dan 70% OTC dicapai pada dos 6 mg/ml NZ02. Di samping itu, penjerapan TC dan 
OTC dipercayai mematuhi model kinetik Elovich, model isoterma Langmuir untuk 
TC dan model isoterma Temkin untuk OTC. Parameter optimum kemudiannya 
digunakan dalam proses hibrid penjerapan dan pembekuan-pemberbukuan (ACF) 
untuk menyingkirkan antibiotik daripada air sisa sintetik. Model Langmuir dan 
model pseudo-tertib kedua ternyata menjadi model isoterma dan model kinetik yang 
paling sesuai untuk penjerapan antibiotik melalui ACF. Peratusan penyingkiran 
daripada air sisa antibiotik sintetik dengan menggunakan alum sahaja ternyata tidak 
berkesan (kira-kira 5%). Walau bagaimanapun, dengan menggunakan NZ02 pada 
masa yang sama, penyingkiran meningkat secara mendadak (lebih kurang 20-35%). 
Akhir sekali, proses hibrid berjaya menyingkirkan 60% TC dan 40% OTC daripada 
air sisa kumbahan. Kesimpulannya, proses hibrid penjerapan pembekuan-
pemberbukuan mempunyai potensi untuk menjadi salah satu daripada kaedah 
alternatif terbaik untuk menyingkirkan antibiotik dalam loji rawatan kumbahan 
dengan cara yang paling mesra alam dan ekonomi. 
